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and it does not appear to produce fermentable products but is inhibited by the presence of easily used sugars.
I N T R O D U C T I O N
While working with Streptococcus agalactiae strains we noticed that growth on Columbia agar base, without blood, resulted in clearing of the slightly opaque medium. The opacity appeared to be due to corn starch. Streptococcus agalactiae is described in the literature as negative in starch hydrolysis tests (Buchanan & Gibbons, 1974) and acid production from starch tests (Simmons & Keogh, 1940) . This paper describes comparative results for S. agalactiae and other bacteria in simple tests for the degradation of polysaccharides.
M E T H O D S
Bacteria. Three hundred strains of S. agalactiae recently isolated from human sources were maintained by freeze-drying. Five serotype strains of S. agalactiae were taken from lyophilized stock in the University of Queensland Microbiology Department Culture Collection (UQM 1737, 1738, 1739, 1740 and 1744 representing serotypes Ia, Ib, Ic, I1 and 111, respectively). The identity of all S. agalactiae strains was confirmed serologically and by CAMP and hippurase reactions. Ten strains of Group D streptococci freshly isolated from human faeces and sewage on bile-aesculin agar were identified serologically. Ten strains of viridans streptococci were freshly isolated from human saliva on mitis-salivarius agar by selecting colonies of the Streptococcus sanguis and S . salivarius type. Escherichia coli (UQM 70), Enterobacter aerogenes (UQM 427), Streptococcus pyogenes (UQM 1897), Corynebacterium diphtheriae var. gravis (UQM 890), Corynebacterium diphtheriae var. intermedius (UQM 896) and Listeria monocytogenes (UQM 3691) were obtained from the University of Queensland Microbiology Department Culture Collection. All the bacteria were maintained by subculture on 5 % horse blood agar and in cooked-meat medium (Oxoid CM439).
Substrate degradation tests
(a) Agar plate method. Maize starch, potato starch, soluble starch, oyster glycogen, dextrin (BDH), amylose, amylopectin and pullulan (Sigma) were added to 100 ml lots of blood agar base no. 2 (Oxoid CM271) to give 0 -2 % (w/v) final concentration, sterilized at 12 1 *C for 15 min, mixed well and poured as top layers on prepoured layers of 0.9% (w/v) saline agar in 9 cm Petri dishes; 100 ml of substrate medium gave 12 plates. Controls without substrate and double-layer plates of Columbia agar base (CAB, Gibco) were also prepared. The plates were spot inoculated (four strains per plate) with about 30 pl of 24 h cultures in Todd-Hewitt broth (THB, Gibco), delivered with Pasteur pipettes. All of the 33 1 strains were tested on CAB. Nine strains of S. agalactiae (including the five UQM strains) and the 26 strains representing other species and genera were tested on all the substrates (see Table 1 ). Results were read after 4 d at 37 OC. Maize starch and CAB tests were read directly by noting clearing around growth; they were then flooded with Lugol's iodine diluted 1 : 4 with water and the loss of blue reaction around the growth was noted. The other substrates (except pullulan) were tested with diluted Lugol's iodine for the loss of colour reactions around growth (dextrin, red/brown; glycogen, brown; amylopectin, red/brown; amylose, grey/blue). Pullulan breakdown was detected by flooding with ethanol and examining after about 5 h for clearing around growth (Morgan et al., 1979) .
(b) Acid production method. A medium containing, per litre, 10 g Tryptone (Oxoid L42), 5 g yeast extract (Oxoid L21), 5 g NaCl and 1 ml Tween 80 (pH 7.0) was prepared and dispensed as five 200 ml volumes. Glucose, maltose, maize starch and glycogen (oyster) were each added to one 200 mi lot to give a final concentration of 1 % (w/v). These media and a control without added carbohydrate were dispensed into 12 x 175 mm tubes in 4 ml volumes and sterilized at 112 OC for 20 min. Tests were inoculated from 24 h THB cultures with one drop from a Pasteur pipette. After 4 d at 37 "C the pH of each test was measured with a pH meter. The 35 strains listed in Table 1 were tested.
Effects of growth atmosphere on polysaccharase. Anaerobic conditions were generated using GasPaks (BBL) and C0,-enriched conditions with candle-jars.
Effects of other carbohydrates on polysaccharase activity. Double-layer plates on saline bases were prepared with CAB alone and CAB containing 1% (w/v) of one of the following: glucose, maltose, mannitol, lactose, sucrose, arabinose, inulin, raffinose, sorbitol, xylose. Plates were inoculated as for the substrate in agar tests, using THB cultures of 32 strains of S . agalactiae. Results were read by clearing and iodine reaction after 5 d at 37 OC. 
R E S U L T S
Of the 300 recently isolated S. agalactiae strains, 291 (97%) showed clearing and diminished iodine reactions around growth on CAB. Table 1 shows the results of tests on eight substrates for 9 strains of S. agalactiae and 26 other strains. The degradation of starch in agar plate tests with S. agalactiae was not noticeably affected by anaerobic or C0,-enriched conditions. In the presence of glucose, maltose and sucrose the polysaccharase activity of all the S. agalactiae strains tested was totally inhibited; a few strains failed to show starch clearing in the presence of lactose. Mannitol, arabinose, xylose, inulin, raffinose and sorbitol did not inhibit starch-clearing activity. In the tests for acid production all of the bacteria lowered the pH by 2.5-3.0 units in glucose and maltose media. In the starch and glycogen media only S. pyogenes and C. diphtheriae var. gravis produced detectable pH changes, with decreases of 1 5-1 -8 units. Attempts to demonstrate amylase activity in bacteria or supernates by the methods used for mammalian and other amylases were not successful.
D I S C U S S I O N
It has been suggested that polysaccharase activity is rare among streptococci (Latham & Jayne-Williams, 1978). This does not appear to be the case. Buchanan & Gibbons (1974) in Bergey ' s Manual of Determinative Bacteriology list Streptococcus zooepidemicus (Group C), S. bovis and S . equinus (Group D), S. thermophilus, S. suis (unapproved name) and Streptococcus sp. (Group G) as 90-100 % positive for starch hydrolysis. Streptococcus uberis and S. equisimilis give delayed reactions and seven other species or groups are described as 'no or insufficient data'. Thirteen species or groups, including S. agalactiae, are described as negative. Within several species the activity is variable. Facklam (1977) reported 50% of S. mitis and S . sanguis I, 33% of S. uberis and S . anginosus, 29% of S. sanguis 11, 25 % of S. salivarius and 17 % of S. intermedius strains as positive in starch hydrolysis tests. Crowley (1950) found 73 of 200 strains of S. pyogenes (Group A) were able to hydrolyse starch. She reported (Crowley, 1954 (Crowley, , 1955 Crowley & Jevons, 1955) interesting data suggesting possible correlations between polysaccharase activity, antigenic structure, 
hyaluronidase and proteinase production and the accumulation of intracellular polysaccharide inclusions. Crowley found growth on corn-starch agar (cf. CAB) to be the simplest and best way to screen strains for polysaccharase action, and although she subsequently referred to the enzyme(s) as 'amylase', the problem of nomenclature and specificity in this group of enzymes appears to be still unresolved (Bacon, 1979) . In the streptococci, starch breakdown by a-amylase (Hobson & Macpherson, 1952) , pullulanase (Walker, 1968) and other debranching enzymes (Lee & Whelan, 1971) have been referred to. The polysaccharase of S. agalactiae seems to be of the last type. It does not resemble the S. equinus enzyme described by Dunican & Seeley (1962) which functioned only in the presence of an easily fermented sugar.
We conclude that most strains of S. agalactiae from man can degrade various polysaccharides. The extracellular activity is relatively slow; fermentable products are not formed by the degradation but such compounds inhibit the polysaccharase action. The metabolic and ecological significance of this capacity to degrade materials such as amylopectin and glycogen warrants further study.
